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ABSTRACT

Exca va ti on, tran sport and spre a ding of bar ren soil and cru de ore are being per for med by a num ber of 
mac hi nes during the con ti nu o us pro duc tion pro cess at exca va ti on sites, such as: buc ket-whe el exca va-
tor, con veyor and spre a der (so cal led ECS system). Fai lu re of any mac hi ne in the tec hno lo gi cal chain 
leads to the fai lu re of the who le system, and the re fo re it sho uld be con si de red a struc tu re with a serial 
con nec tion.

In this paper the results of non-destruc ti ve tests per for med at wel ded joints and parent mate rial (vi-
sual testing, pene trant testing, ultra so nic testing, radi o grap hic testing, hard ness testing) on the basis 
of which the sta te analysis of com po nents of the dama ged struc tu re, inte grity eva lu a tion of bra ces of 
the cut ting and dischar ge boom and homo ge ne ity of wel ded joints of newly for med struc tu res of the 
spre a der A2Rs - B 5500.55 + BRs at the exca va ti on site ’Drm no’ near Kosto lac, Ser bia were per for-
med, are pre sen ted. Taking into acco unt the fact that the user of the spre a der does not own the design 
and tec hni cal docu men ta tion, all tests and rese ar ches pre sen ted in this paper were per for med under 
the assump tion that the lat ti ce struc tu res of both cut ting and dischar ge boom were made of struc tu ral 
ste els S355 and S235, in accor dan ce with stan dard EN 10027-1.
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1. INTRO DUC TION

In order to per form the sta te analysis of com po nents 
of the dama ged steel struc tu re of the spre a der A2Rs 

- B 5500.55 + BRs [1], inte grity eva lu a tion of bra ces 
of the cut ting and dischar ge boom and homo ge ne ity of 
wel ded joints of newly for med struc tu res it was neces-
sary to carry out the fol lo wing:

-  Visual testing (VT) of vital com po nents of the 
dama ged steel struc tu re,

-  Non-destruc ti ve tests in order to com ple te the sta-
te analysis and inte grity eva lu a tion of the spre a-
der bra ce at which the crack was detec ted on the 
sur fa ce of parent mate rial, in the near pro xi mity 
of the butt-wel ded joint, by visual testing,

-  Visual testing (VT) of all bra ces,
-  Pene trant testing (PT) in order to detect sur fa ce 

discon ti nu i ti es. Line ar defect was detec ted on the 
sur fa ce of parent mate rial, in the near pro xi mity 
of the butt-wel ded joint at one of the vital bra ces 
of the spre a der,

-  Ultra so nic testing (UT) of inter nal homo ge ne ity 

of parent mate rial and wel ded joint, in the zone 

of parent mate rial whe re the sur fa ce crack was 

detec ted, in the near pro xi mity of the wel ded joint 

at one of the vital bra ces of the spre a der,

-  Radi o grap hic testing (RT) of parent mate rial and 

wel ded joint at one of the vital bra ces of the spre-

a der, in the zone of parent mate rial whe re the sur-

fa ce crack was detec ted, in the near pro xi mity of 

the wel ded joint,

-  Hard ness testing, per for med in the zone of parent 

mate rial at the bra ce of the spre a der whe re the 

sur fa ce crack was detec ted.

1.1 Basic tec hni cal pro per ti es of the spre a der 

A2Rs - B 5500.55 + BRs

Spre a der A2Rs - B 5500.55 + BRs is a mac hi ne 

which con sists of 2 seg ments, the cut ting part with the 

hau la ge con veyor and the dischar ge boom. Both parts 
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of the spre a der are equ ip ped with the ir own moving 
devi ces (2 craw lers), capa ble of inde pen dent move-
ment. The abo ve men ti o ned spre a der is the con sti tu-
ent part of the fourth ECS system. SRs exca va tor per-
forms the unco ve ring of the coal, or in other words 
the exca va ti on of the over bur den which is being tran-
spor ted by belt coveyors to the spre a der of exca va ted 
mate rial.

Basic tec hni cal pro per ti es of the spre a der A2Rs - B 
5500.55 + BRs [1] are as fol lows:

–  maxi mum volu me of the con veyor at the spre a-
der: V = 5500,55 m3/h,

– weight of the com ple te spre a der: 1444 t,
– maxi mum length of mate rial dischar ge: 110 m,
– maxi mum height of mate rial dischar ge: 20 m,
– maxi mum velo city of the mac hi ne: 6 m/min.

Taking into acco unt the fact that the user of the 
spre a der does not own the design and tec hni cal docu-
men ta tion, all tests and rese ar ches pre sen ted in this 

paper were per for med under the assump tion that the 
lat ti ce struc tu res of both cut ting and dischar ge boom 
were made of struc tu ral ste els S355 and S235, in 
accor dan ce with stan dard EN 10027-1 [2].

1.2 Sta te Analysis of the Vital Steel Struc tu re of 
the Spre a der after the Bre ak down 

Spre a der A2Rs - B 5500.55 + BRs befo re and af-
ter the bre ak down is shown in fi gu re 1. Bre ak down of 
com po nents of the vital lat ti ce struc tu re which occur red 
due to the uncon trol la ble sli ding of the mac hi ne dur-
ing the tem pest which nee ded to be made from scratch 
is mar ked in fi gu re 1b and shown in fi gu re 2, whi le 
the sta te of bra ces in assem bled con di tion is shown in 
fi gu re 3. Some of the bra ces at which no dama ge was 
detec ted are shown in fi gu res 4a and 4b, whi le one of 
them at which the sur fa ce crack was detec ted on par-
ent mate rial, in the near pro xi mity of the wel ded joint, 
is shown in fi gu re 4c.

a) Appearance of the spreader before the breakdown  

Figu re 1.- Appe a ran ce of the spre a der A2Rs - B 5500.55 + BRs befo re and after the bre ak down

b) Appearance of the spreader after the breakdown 

a) Appearance of parts of the damaged vital steel structure 

Figu re 2.- Appe a ran ce of parts of the vital steel struc tu re which nee ded to be made from scratch

b) Appearance of a part of the damaged vital steel 

structure 
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2.  NON-DESTRUC TI VE TESTS 
NECES SARY FOR STA TE ANALYSIS 
AND INTE GRITY EVA LU A TION OF 
THE BRA CE AT WHICH THE SUR FA CE 
CRACK WAS DETEC TED

In order to per form the sta te analysis and inte grity 
eva lu a tion of a bra ce of the dischar ge boom, shown in 
fi gu re 4c, at which the sur fa ce crack was detec ted in 
parent mate rial by visual testing, the fol lo wing non-
destruc ti ve tests were per for med:

– Visual testing, 
– Pene trant testing 
– Ultra so nic testing 
– Radi o grap hic testing
– Hard ness testing, per for med on parent mate rial.

2.1 Visual Testing Results

By visual testing [4] sur fa ce crack was detec ted at 
parent mate rial of one of the bra ces of the dischar ge 
boom, in the near pro xi mity of the butt-wel ded joint, 
which was con  r med by pene trant testing, fi gu re 4c.

2.2 Pene trant Testing Results

Results of a pene trant test [5], per for med at parent 
mate rial of one of the bra ces of the dischar ge boom, in 
the near pro xi mity of the butt-wel ded joint, which was 
also subjec ted to the test, are shown in fi gu re 5. The 
crack was appro xi ma tely 1 mm deep and was remo-
ved by  ne grin ding. Report nr. PT – 025/14 [6].  

2.3 Ultra so nic Testing Results

No inter nal homo ge ne i ti es were detec ted in parent 
mate rial and wel ded joints of bra ces by ultra so nic te-
sting [7]. Report nr. UT – 042/14 [8]. 

2.4 Radi o grap hic Testing Results 

No inter nal homo ge ne i ti es were detec ted in parent 
mate rial and wel ded joints of bra ces by radi o grap hic 
testing [9]. Report nr. RT – 044/14 [10].        

2.5 Hard ness Testing Results

Valu es in the ran ge from 160 – 172 HB were deter-
mi ned at the parent mate rial of bra ces by hard ness 

a) Appearance of the spreader before the breakdown  

Figu re 3.- Appe a ran ce of the con di tion of vital bra ces of spre a der A2Rs - B 5500.55 + BRs befo re and after the bre ak-
down

a) Appearance of the spreader after the breakdown 

a) Undamaged braces b) Undamaged braces c) Right brace (10 D) with a surface crack 

Figu re 4.- Appe a ran ce of the con di tion of a num ber of bra ces after the bre ak down
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testing [11]. On the basis of obta i ned results it could 
be con clu ded that no degra da tion (pla stic defor ma-
tion) of parent mate rial occur red, beca u se the bra ces 
are mostly being made of struc tu ral steel, gra de S355. 
Report nr. HT – 011/14 [12].

3.  INTE GRITY EVA LU A TION OF A 
SPRE A DER DISCHAR GE BOOM BRA CE 
AT WHICH THE SUR FA CE CRACK WAS 
DETEC TED BY NON DESTRUC TI VE 
TESTING 

Inte grity of struc tu res is a rela ti vely new sci en ti  c 
and engi ne e ring disci pli ne, which in a bro a der sen se 
com pri ses sta te analysis and diag no stics of beha vi o ur 
and rela xa ti on, eva lu a tion of ser vi ce life and reha bi li-
ta tion of struc tu res which means that, apart from the 
usual situ a tion in which it is neces sary to assess the 
inte grity of the struc tu re when the  aw is detec ted by 

non-destruc ti ve testing, this disci pli ne also com pri ses 

the analysis of the stress sta te of the struc tu re.

  On the basis of the analysis of results of per for-

med tests it was deter mi ned that the inte grity of a bra-

ce at which the sur fa ce crack was detec ted is not thre-

a te ned, which could be said abo ut the spre a der as a 

who le after the instal la tion of the new seg ment of steel 

struc tu re, fi gu re 6.  

4. CON CLU SION 

On the basis of qua li ta ti ve analysis of the new seg-

ment of steel struc tu re (fi gu re 6a) and its suc cessful 

instal la tion (fi gu re 6b), as well as taking into acco unt 

the con di tion of all bra ces after the com ple tion of the 

assembly of the cut ting boom and dischar ge boom, the 

spre a der has been resto red into fun cti o nal con di tion 

and put into ser vi ce. 

a) Discharge boom (mast II) b) Penetrant application c) Surface crack at parent material 

Figu re 5.- Appe a ran ce of the pro cess of pene trant testing

a) Appearance of the new segment of steel 

structure  

b) Spreader after the repair of steel structure  

and installation 

Figu re 6.- Appe a ran ce of the spre a der A2Rs - B 5500.55 + BRs after being repa i red and put into ser vi ce
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